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Rapid and focal loss of negative charge associated with
mononuclear cell infiltration early in nephrotoxic
serum nephritis
JEFFREY I. KREISBERG, DENISE B. WAYNE, and MoRRIs J. KARNOVSKY
Department of Pathology, Harvard Medical School, Boston, Massachusetts
Glomeruli were examined early in the heterolo-
gous phase of nephrotoxic (Masugi) nephritis, in-
duced by a single injection of rabbit antirat kidney
serum (NTS), to determine whether a temporal rela-
tionship existed between loss of negative charge
and proteinuria. The proteinuria associated with the
heterologous phase (within 24 hours) has been
shown to coincide with the binding of rabbit anti-
body to the glomerular basement membrane (GBM)
[1-6]. Kuhn et al have described a polymorphonu-
clear leukocyte (PMN) infiltrate at the earliest time
period studied, 3 hours [7]. Schreiner et al [8], in a
model of nephrotoxic nephritis resembling the later,
or autologous phase, demonstrated a mononuclear
(MN) cell infiltrate, resembling monocytes, in the
glomerulus and proposed a role for cell-mediated
immunity in experimental glomerulonephritis. In a
preliminary communication, we have demonstrated
a MN cell infiltrate, resembling lymphocytes, 0.5
hour following NTS administration [9].
There has been good evidence presented that gb-
merular sialoproteins play an important role in the
filtration of anionic serum proteins, such as albumin
[10-15]. It has been demonstrated that the sialopro-
tein content, revealed with cationic stains, was
markedly reduced in both human and experimental
glomerular diseases [16-23]. Furthermore, it has
been shown that the fractional clearance of dextran
sulfate molecules of the same molecular radius as
albumin was markedly increased whereas the frac-
tional clearance of neutral dextran was diminished
in nephrotoxic nephritis [21]. This coincided with
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decreased glomerular sialoproteins demonstrable
by the colloidal iron technique. In the present
study, we have examined morphologic changes and
glomerular polyanion alterations early following
NTS administration. We have found a MN cell infil-
trate (beginning at 15 mm), consisting primarily of
cells resembling lymphocytes, that precedes PMN
infiltration. This MN cell infiltrate was associated
with focal loss of negative charge from the glomeru-
lar capillary wall. If we reduced the MN cell count
by whole body irradiation or antilymphocyte serum
(ALS), there were far fewer infiltrating MN cells in
rat glomeruli following NTS. Most importantly, 24-
hour protein excretions were significantly reduced.
These studies have demonstrated that focal loss of
negative charge occurred prior to overt proteinuria,
and MN cells, resembling lymphocytes, play a role
in the pathogenesis of the early heterologous phase
of nephrotoxic nephritis.
Methods
Experimental protocol. The animals used in this
study were male CD® rats (Charles River Breed-
ing Laboratories, Inc., Wilmington, Massachusetts)
weighing 100 to 150 g. Water was withheld from
each animal 24 hours prior to administration of the
experiments. Nephrotoxic nephritis was induced by
the i.v. injection of 1.5 ml of rabbit antirat kidney
serum per 100 g body wt [7]. Control animals were
injected with 1.5 ml of normal rabbit serum (NRS)
per 100 g body wt. Each antiserum was absorbed
extensively with rat red blood cells. Binding of NTS
to rat gbomeruli was demonstrated 15 mm after in-
jection, on frozen sections, using fluoresceinated
sheep antirabbit immuñoglobulins (Cappel Labora-
tories, Cochranville, Pennsylvania). For light and
electron microscopy, groups of animals were exam-
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Table 1. Morphologic studya
Groups
(time of killing after
administration) Animals No. glomeruli examined after CI stainingb No. glomeruli examined routine TEMC
Controls (NRS) 10 15 20
l5min(NTS) 6 10 10
l5min(ALS,NTS) 4 10 10
0.5 hr (NTS) 5 20 20
0.5 hr (800 rads, NTS) 2 10 10
0.5 hr(ALS, NTS) 2 10 5
1 hr (NTS) 4 10 10
2 hr (NTS) 5 20 20
2hr(800rads,NTS) 2 10 10
2hr(ALS,NTS) 2 10 5
a Abbreviations used are: NTS, nephrotoxic serum; NRS, normal rabbit serum; ALS, antilymphocyte serum; CI, colloidal iron (pH,
2).
Perfusion fixed with 2% glutaraldehyde
Immersion fixed with 2% glutaraldehyde
med 15 mm, 0.5, 1, and 2 hours after NTS (Table 1).
Table 1 indicates the number of glomeruli examined
in each group. Urinary protein excretions were ex-
amined from bladder urine with Bilistix Reagent
Strips (Ames Co., Elkart, Indiana) 15 mm, 0.5, 1,
and 2 hours after NTS (Table 2), and 24-hour pro-
teinuria was measured by the sulfosalicyclic acid
method [24].
Light and electron microscopy. Animals were
anesthetized with an i.p. injection of sodium pento-
barbital, 35 mg/kg body wt, prior to fixation. The
right renal artery was ligated, the kidney was re-
moved, and diced pieces of cortex were fixed for 4
hours in 2% glutaraldehyde in 0.1 M cacodylate buf-
fer (pH, 7.2). The left kidney was perfusion fixed at
a continuous pressure of 120 mm Hg. Following
perfusion fixation, the cortices were dissected out,
cut into thin strips, and fixed for an additional 3
hours in 2% glutaraldehyde. Small blocks of immer-
sion-fixed cortex were washed overnight at 40 C in
cacodylate buffer containing 5% sucrose. After
postfixation in 2% aqueous osmium tetroxide for 1.5
hours, the tissue was stained en bloc in 2% uranyl
acetate in maleate buffer (pH, 6.0) for 1 hour [25],
dehydrated in ethanol, and embedded in epoxy res-
in (Epon 812). Thick sections were cut with glass
knives and stained with toluidine blue; thin sections
were cut with a diamond knife on an LKB Ultro-
tome III (LKB Instruments, Inc., Bromma, Swe-
den), stained with lead citrate [26] and uranyl ace-
tate [27], and examined at 60 kV in a Philips EM-200
electron microscope (Philips Electronic Instru-
ments, Mount Vernon, New York).
Colloidal iron staining for negative charge. Per-
fusion fixed cortical strips from left kidneys were
chopped at 40 tm on a Smith-Farquhar TC-tissue
Table 2. Proteinuria and percent of negative charge (per unit
length of capillary wall) lost following NTS administrationa
Proteinuriab
mg/100 ml LRF LREd
15mm 0 0 0
0.Shr 0 30 5
0.5hr(800rads,NTS) 0 0 0
0.5 hr (ALS, NTS) 0 0 0lhr 30 46 10
2hr 80 77 45
2 hr (800 rads, NTS) 0 0 0
2hr(ALS,NTS) 0 0 0
a Abbreviations used are: LRI, lamina rara interna; LRE, lam-
ma rara externa.
b Because administration of NRS resulted in mild proteinuria
at 15 mm, 0.5, and 1 hour, these values were subtracted from the
values in rats given NTS to give absolute levels of proteinuria.
Including reduced endothelial negative charge
"Including loss of epithelial negative charge
sectioner (Ivan Sorvall, Norwalk, Connecticut).
Sections were stained for 3 hours at room temper-
ature with colloidal iron at pH of 2 [28]. Michael,
Blau, and Vernier have demonstrated that colloidal
iron at this pH stained sialoproteins, because stain-
ing was inhibited with neuraminidase, trypsin, pep-
sin, papain, and pronase, but not collagenase or
hyaluronidase [16]. Tissue sections were then post-
fixed in 2% aqueous osmium tetroxide for 1 hour,
dehydrated in ethanol, and embedded in Epon 812.
To avoid areas deep in the tissue where colloidal
iron may not have penetrated, we chose glomerular
capillaries superficial in the block from thick sec-
tions for electron microscopic examination. These
areas were thin-sectioned with a diamond knife on
an LKB Ultrotome III (LKB Instruments) and ex-
amined unstained in a Philips EM-200 electron mi-
croscope (Philips Electronic Instruments). Paraffin-
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embedded, perfusion-fixed kidneys were also stained
by the Muller-Mowry modification of Hale's method
for colloidal iron [29].
Rabbit antirat lymphocyte serum (ALS). Twelve
animals were given ALS (Microbiological Associ-
ates, Bethesda, Maryland) i.p. 24 hours prior to
NTS administration; eight control animals received
NRS instead of ALS. We housed four ALS-pre-
treated animals and two control animals in metabol-
ic cages to measure 24-hour urine protein excre-
tions. Peripheral white blood cell counts and dif
ferentials were performed on all animals 24 hours
prior to ALS or NRS, and 24 hours afterwards. Dif-
ferentials were performed on smears stained with
Wrights stain (Fisher Chemical, Medford, Massa-
chusetts); and a histochemical stain, for nonspecific
esterase [30]. Esterase has been shown to be pres-
ent in monocytes and not other circulating leuko-
cytes [30].
Morphologic studies were performed on the re-
maining ALS-pretreated animals and controls 15
mm, 0.5, and 2 hours after receiving NTS (Table 1).
Frozen sections of rat kidney were stained with flu-
orescein-labeled sheep antirabbit immunoglobulins
for the demonstration of NTS. Kidneys from these
groups of animals were treated, as described pre-
viously, under light and electron microscopy. In ad-
dition, total glomerular cell counts were performed
from toluidine blue-stained sections.
Whole-body irradiation. Ten animals received
800 rads of irradiation 24 hours prior to NTSadmin-
istration. Two of these animals had their kidneys
shielded with a lead belt, whereas the other eight
were not protected. Six additional nonirradiated an-
imals served as controls. Six irradiated (including
the two with kidney shields) and two control ani-
mals were housed in metabolic cages to determine
24-hour proteinuria.
Kidneys of the remaining animals (four irradiated
and four controls) were examined by light and elec-
tron microscopy 0.5 and 2 hours following NTS
(Table 1). Fluorescent staining for the demonstra-
tion of bound NTS and total gloinerular cell counts
were performed on glomeruli 0.5 hour after NTS ad-
ministration, as described for the ALS-pretreated
animals.
Results
Proteinuria. Urinary protein values 15 mm and
0.5 hour after NTS were no different from NRS-
treated animals (Table 2). By 1 and 2 hours, how-
ever, proteinuria was evident in NTS-treated ani-
mals (1 hour, 30 mg/l00 ml; 2 hours, 80 mgIlOO ml).
Morphology: 15 ,nin, 0.5, 1, and 2 hours follow-
ing NTS. Microscopic examination on glomeruli of
rats that had received NRS and that were examined
15 mm, 0.5, 1, and 2 hours later revealed normal gb-
merular morphology. As early as 15 mm after NTS
and becoming prominent at 30 mm, however, gb-
merular capillary lumens were crowded with MN
cells. Most of these cells resembled lymphocytes
(Fig. 1). Occasionally, at 15 mm, typical monocytes
(Fig. 2) and PMN were also present. Also, capillary
endothelial cells were occasionally swollen, and, in
some areas, there was focal detachment of endothe-
hum from the GBM (Fig. 2). At 1 hour, along with
the MN cell infiltrate, PMN can also be seen in the
capillaries, and, by 2 hours, the prominent infil-
trating cell type was the PMN (Fig. 3). Also at 2
hours, along with the PMN, there were areas of the
GBM denuded of endothelium (Fig. 3).
Gloinerular polyanion. Control glomeruli and
glomeruli from animals examined 15 mm after NTS,
revealed normal colloidal iron staining (Fig. 4). The
following areas of the capillary wall were stained:
(1) the endothelial cell coat, (2) the lamina rara in-
terna (LRI) and lamina rara externa (LRE), and (3)
the epithelial cell coat. One half hour after NTS,
there was focal loss of negative charge from the en-
dothehium and LRI (Fig. 5). This loss of negative
charge represented 30% per unit length of the gb-
merular capillary wall (Table 2). At 1 and 2 hours,
there was progressively more negative charge lost
from the filtration barrier (Table 2). By 2 hours,
much of the sialoproteins had disappeared from the
endothelium and LRI (77%). The LRE and epithe-
hal cell experienced considerable loss of colloidal
iron binding (45%) (Figs. 6, 7). In some areas, loss
of negative charge from the epithelium and LRE oc-
curred prior to foot process "fusion" (Fig. 6). Light
microscopic examination of paraffin sections
stained with colloidal iron also revealed focal loss of
negative charge at all three time periods examined
(0.5, 1, and 2 hours).
ALS-pretreated animals. Twenty-four hours fol-
lowing ALS treatment, there was a significant de-
crease in the number of circulating lymphocytes
(control, 11,900 100/mm3; ALS pretreated, 2913
45/mm). Nonspecific esterase-positive cells also
fell below control levels (control, 402 28/mm3,
ALS, 222 15/mm3) but not as dramatically as the
lymphocyte counts. Circulating PMN were not
changed after ALS (control, 1601 60/mm3; ALS,
1670 54/mm3). Animals pretreated with ALS and
given NTS did not demonstrate any proteinuria at 2
hours (Table 2), and their 24-hour urine proteins
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Fig. 1. Electron micrograph of a glomeru/us 0.5 hour after NTS administration. Note the increased number of mononuclear cells (MN),
resembling lymphocytes, in the capillaries. (x6000)
were markedly less than that in controls (ALS, 29
5 mg!24 hr; controls, 125 7 mg124 hr) (Table 3).
Animals in both groups (control and ALS) showed
similar intensity of staining with fluorescein-con-
jugated sheep antirabbit immunoglobulins 15 mm
after receiving NTS. ALS-treated animals had half
as many cells per glomerulus than did controls 15
mm after receiving NTS (control, 63 9; ALS, 31
9) (Table 3) (Fig. 8). Electron microscopic exami-
nation of these glomeruli revealed little, if any, MN
cell infiltration; at 2 hours, however, these animals
still exhibited PMN infiltration. ALS pretreated ani-
mals receiving NTS had normal distribution of neg-
ative charge with colloidal iron staining demon-
strable by light and electron microscopy at 0.5 and 2
hours (Table 2).
Irradiated animals. Animals receiving whole-
body irradiation (800 rads) 24 hours prior to NTS
demonstrated a decreased 24hour proteinuria (800
rads with kidney shields, 17 7 mg/24 hr; 800 rads
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without shields, 22 3 mg/24 hr; control, 130 13
mg/24 hr), whether or not kidneys had been
shielded. Total glomerular cell counts 0.5 hour after
NTS revealed more than twice as many cells in con-
trol glomeruli than in glomeruli from irradiated ani-
mals (control, 63 11; irradiated, 28 7) (Table 3).
Kidneys from irradiated animals stained for the
presence of glomerular polyanion (by light and elec-
tron microscopy) exhibited normal charge distribu-
tion at both 0.5 and 2 hours, whereas controls ex-
hibited focal loss of negative charge (see before).
Microscopic examination of glomeruli from irra-
diated animals 0.5 hour after NTS revealed normal
glomerular morphology; at 2 hours, however, PMN
were present, and the GBM in these areas were de-
nuded of endothelium. Fluorescent staining for the
presence of NTS bound to the GBM (0.5 hour after
NTS) was similar in irradiated animals and in con-
Fig. 2. Electron micrograph of a glomerulus 15 mm after the ad- trols.
ministration of NTS. Note the mononuclear cell, resembling a
monocyte in the capillary lumen. Also note areas of the GBM
where endothelium is detaching (arrows). (x 8500)
Fig. 3. Electron micrograph of a glomerulus 2 hours after the administration of NTS. Note the endothelial loss leaving bare GBM
(arrowheads) and polymorphonuclear leukocytes (P) adhering to the denuded GBM. Also note the mononuclear cells (MN), resembling
monocytes. L, capillary lumen; U, urinary space. (x6000)
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Fig. 4. Electron micrograph of a glomerulus from a control rat that received NRS. All layers of the filtmtion barrier, excluding the lamina
densa (B), are heavily labeled with colloidal iron demonstrating sites of glomerular polyanion. E, endothelium; 1, lamina rara interna; 2,
lamina rara externa; Ep, epithelium; L, capillary lumen; U, urinary space. (x 53,000)
Fig. 5. Electron micrograph of a glomerulus stained with colloidal iron (pH, 2) 0.5 hour after the administration of NTS. Although the
staining around the epithelium and the lamina rara externa appears normal, the staining on the lamina rara interna is gone (*) and there
is only slight staining around the fenestrae (E). L, capillary lumen; U, urinary space. (x58,000)
Discussion
The present study describes early morphologic
and sialoprotein alterations in rat glomeruli in the
heterologous phase of nephrotoxic nephritis. As
early as 15 mm following NTS administration, MN
cells morphologically similar to lymphocytes are
seen in the glomerular capillary lumens. Also, along
with this infiltration the capillary endothelium is
swollen and, in some areas, is detached from the
GBM. Shibata, Sakaguchi, and Nagasawa have also
described exfoliation of endothelium 15 mm after
injecting antiserum against water-soluble glycopro-
teins from the GBM [31].
We believe these MN cells play a significant role
in the pathogenesis of nephrotoxic nephritis, be-
cause whole body irradiation and antilymphocyte
serum administration significantly reduced the 24-hr
urine proteins. Irradiation did not affect the PMN
infiltrate seen at 2 hours, nor was the peripheral
PMN count altered after ALS treatment. The fact
that PMN infiltration was still apparent after these
procedures may account for the 24-hr proteinuria
never returning to normal values. It is generally be-
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Fig. 6. Electron micrograph of a glomerulus stained with colloidal iron (pH, 2) 2 hours after NTS. By 2 hours, much of the negative
charge has disappeared from the lamina rara interna and the fenestrated endothelium (E). There is focal loss of negative charge from the
epithelium (Ep) and the lamina rara externa. Note that the foot processes, despite loss of negative charge, remain intact. L, capillary
lumen; U, urinary space. (x37,000). Fig. 7. Electron micrograph of a glo,nerulus stained with colloidal iron 2 hours after NTS administra-
tion. Note the loss of negative charge from the fenestrae (E) and lamina rara interna. There is also focal loss of NC from the epithelium
(Ep) and the lamina rara externa. L, capillary lumen; U, urinary space. (x70,000)
Table 3. Effects of irradiation and ALS on proteinuria and number of cells per glomerulus
Experimental
procedure .Proteinuria
mg124 hr
Cells per glomerulus
SD
Cells per glomerulus' per rat
SDALS NRS X-ray NTS
Experimental + — — + 29 5 31 9 31 0
Control -.- + — + 125 7 63 9 63 2
Control — — — + 130 13 63 11 63 1
Experimental — — + + 19 6 28 7 28 1
Twenty glomeruli (ten from each animal) were counted in toluidine-blue-stained sections in each group. ALS- and NRS-treated rats
were killed 15 mm after giving NTS. X-irradiated and nonirradiated control rats were killed 30 mm after NTS. Differences between
controls and experimentals are highly significant (P < 0.001).
Mean SD cells per glomerulus per rat. Differences between controls and experimentals are highly significant (P < 0.01).
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Fig. 8. A Light micrograph of a glomerulus from an animal pretreated with ALS and sacreficed 15 mm after NTS. Note the patent
glomerular capillaries. B Light micrograph of a control glomerulus sacrificed 15 mm after NTS. Note the increased number of cells.
(Toluidine blue stain; x 1000)
lieved that the lesion in this model of nephrotoxic
nephritis is due to PMN infiltration by complement
activation [481. The PMN release lysosomal en-
zymes which increase the permeability of the GBM.
Irradiation (and ALS) reduced the 24-hour protein-
uria; nonetheless, considerable proteinuria was still
present, probably due to the presence of irradiation
insensitive PMN. We would explain this by suggest-
ing that a proportion of the early proteinuria is
caused by MN infiltration which was abolished by
irradiation or ALS. The total glomerular cell count,
however, was approximately 50% of control in irra-
diated animals (counted 0.5 hour after NTS) and in
ALS-pretreated animals (counted 15 mm after
NTS). Electron microscopic examination of these
glomeruli revealed normal, patent glomerular capil-
laries, but controls had infiltrating MN cells in gb-
merular capillary lumens. Very few of the infil-
trating MN cells resembled monocytes. Peripheral
blood esterase-positive cells, (that is, monocytes)
were decreased, however, after ALS treatment, al-
though not to as great an extent as was the lympho-
cyte count. Therefore, the more prevalent lympho-
cytes may be responsible for a large portion of the
24-hr proteinuria.
Although we cannot exclude the possibility that
some of the cells in the capillary lumens are dam-
aged endothelial cells, we believe we can be reason-
ably sure that most of the cells are MN cells (mono-
cytes, or lymphocytes, or both) for the following
reasons: (1) The proportion of cells in the capillary
lumens seemed discrepant with the apparent num-
ber of endothelial cells lost from the GBM. (2) The
experiments with irradiation and ALS decreased
the cellularity of the glomeruli indicating that many
of the cells are derived from outside the glomerulus.
(3) Some of the cells are clearly MN cells (mono-
cytes, or lymphocytes, or both). Positive identifica-
tion of any one cell is, admittedly, sometimes diffi-
cult. Occasionally, cells which show clear degener-
ative changes were observed, and these cells may
be damaged endothelial cells.
The highly negatively charged filtration barrier
may be revealed by electron-opaque stains such as
colloidal iron [323, ruthenium red [331, alcian blue
[34], lysozyme [35], and polycationic ferritin [111.
Jones [32], Mohos and Skoza [361, and Michael,
Blau, and Vernier [16] established the presence of a
large amount of negative charge in the gbomerular
wall and postulated its possible role in filtration.
The negative charge in the GBM seems to be con-
centrated in the LRI and LRE. The cell coats of the
epithelium and endothelium also stain. It has be-
come clear that the net molecular charge of macro-
molecules is a major determinant of their per-
meability characteristics in the gbomerulus [10—143.
Indeed, Chang et al demonstrated that the fractional
clearances of negatively charged dextran sulfates
are less than those for neutral dextrans of equiva-
lent molecular sizes [10]. Rennke, Cotran, and Yen-
katachalam [113 and Rennke and Venkatachalam
[14] extended these observations morphologically
by comparing the degree of penetration of perfused
cationic and anionic ferritins into the GBM. They
found that the more positively charged molecules
penetrated further into the GBM than did the more
anionic.
Glomerular sialoprotein content has been found
to decrease in both human and experimental gb-
merular diseases [16—23]. It has been found that in
nephrotoxic serum nephritis and puromycin amino-
nucleoside nephrosis loss of glomerular polyanion
occurred concomitantly with proteinuria and foot-
process spreading, and the sialic acid content of the
isolated GBM was decreased in experimental pro-
teinuric states [171. On the other hand, in autobo-
taG!
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gous immune complex (Heymann) nephritis the re-
duction in negative charge has been shown to occur
after the onset of proteinuria [221. In nephrotoxic
nephrititis [211 and puromycin aminonucleo side
nephrosis [23], there was decreased fractional clear-
ances for neutral dextrans and increased fractional
clearances for dextran sulfates, suggesting a loss of
charge discrimination in the ifitration barrier. In
both of the experimental models, loss of fixed nega-
tive charge has been reported [16—201 along with
distortion and spreading of epithelial cell foot pro-
cesses [37—461.
In the present study, we have demonstrated focal
loss of negative charge 0.5 hour after NTS adminis-
tration from the endothelial cell coat and LRI; this
coincided with MN infiltration. By 1 hour following
NTS, a greater percentage of negative charge per
unit length of capillary wall was lost from the gb-
merular wall, especially at the level of the endothe-
hum and LRI; this was associated with proteinuria.
Ryan and Karnovsky have demonstrated under
good flow conditions, with endogenous albumin as a
marker, that albumin did not go beyond the level of
the endothehial fenestrae [471. In irradiated and
ALS-pretreated animals, there was no loss of nega-
tive charge from the filtration barrier at any of the
time periods examined. These animals still experi-
enced PMN infiltration at 2 hours but were lacking
MN cell infiltration at the earlier time periods. In
conclusion, in this study we have shown that early
after the administration of NTS in rats there was a
MN cell infiltrate resembling lymphocytes. This in-
filtration was associated with focal loss of negative
charge which occurred prior to proteinuria.1
Summary
We have examined the morphologic changes and
alterations in negative charge, as demonstrable with
colloidal iron at pH 2, in rat glomeruli, 15 mm, 0.5,
1, and 2 hours after injecting rabbit antirat kidney
serum (NTS). As early as 15 mm following NTS ad-
ministration, mononuclear (MN) cells, resembling
lymphocytes, were evident in glomerular capillary
lumens. By 0.5 hour, along with this MN cell infil-
trate and prior to overt proteinuria, there was focal
loss of negative charge from the endothelial cell
coat and lamina rara interna (LRI). At 2 hours,
'Since this paper was submitted for publication, Bhan et a! were
able to produce glomerular hypercellularity, characterized by the
accumulation of mononuclear cells, by transferring lymph node
cells from rats sensitized to rabbit gamma globulin into syngeneic
recipients with anti-GBM fixed in their glomeruli [49].
polymorphonuclear leukocytes (PMN) had replaced
the MN cells as the infiltrating cell type in the gb-
merular capillaries, and focal loss of negative
charge had extended to include portions of the la-
mina rara externa (LRE) and epithelial cell coat.
When animals were either irradiated or given rabbit
antirat lymphocyte serum (ALS) 24 hours prior to
NTS administration, the 24-hour proteinuria was
significantly less than it was in controls (irradiated,
19 6 mg/24 hr; control, 130 13 mg!24 hr; ALS,
29 5 mg!24 hr; control, 125 7 mg/24 hr). These
treatments were associated with markedly fewer
cells per glomeruli than there were in controls at
early time periods (15 mm and 0.5 hour) and no loss
of negative charge from the glomerular wall. This
study demonstrated that MN cell infiltration oc-
curred rapidly after NTS, and this infiltration corre-
lated with focal loss of negative charge from the gb-
merular filtration barrier, and with proteinuria.
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